per 



WORLD INTEIXECTUAL PROPERTY ORGANIZATION 
Intematioaal Bureao 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) latmatioaal Fktenr Oasnfication S 
A61K 37/02, OOTK 5/00 



Al 



(11) Internationa] Pablication Number: 
(43) International Publication Date: 



WO 92/13549 
20 August 1992 (20.08.92) 



(21) IntenatioDal Applkatioa Nonber: PCT/US92/00905 

(22) IntenatioBal Filing Date: 4 February 1992 (04.02.92) 



(30)PHoriiydata: 
652,161 



7 February 1991 (07.02.91) US 



(71) Applicattt: RESEARCH CORPORATION TECHNOLO- 
GIES, INC [US/US]; 6840 East Broadway Boulevard, 
Tucson, A2 85710 (US). 

(72) InTeDtois: HATHAWAY, David, R. ; 7966 N. Illinois 
Street, Indianapolis, IN 46260 (US). MARCH, Keith, L. 
; 113611 Springmill Blvd., Carmel, IN 46032 (US). 



(74) Agent: SCOTT. Anthony, C; Scully, Scott, Murphy and 
Presser, 400 Garden Ci^ Plaza, Garden City, NY 1 1530 
(US). 

(81) Designated States: AT (European patent), BE (European 
patent), CA, CH (European patent), DE (European pa- 
tent), DK (European patent^ ES (European patent), PR 
(European patent), GB (European patent), OR (Euro- 
pean patent), IT (European patent), JP, LU (European 

^iiJL^^SB" '''' ^""'^ 



Published 

fKA intematioiud search report. 



(54) Title: INHIBITION OF CELL PROUFERATION BY HYDROPHOBIC PEPHDES 



(57) Abstract 

The presrat invention is directed a method of using certain hydrophobic peptides for the inhibition of cell oroliferation 
leTJJlS'ilSSS 5^*' general formula: R-X«i,.(Xaa)„-Xaa, Th. subjc^^ptides have 2-7 aiLo aSdsS^ akl 
nine (Ala) aigmtne (AnO, cysteine (Cys). isoleudne (lie), leucine (Leu), lysine (Lys). methionine (Met), norlcucme fnLeu) 
phenyla^anme (PheX proline O'ro). threonine (Jbx). tyrosine (lyr), tryptophan (Tr^). or valine (ValXIn aSS^ S^e 
pres^invention, th^ peptides are potent inhibitors of ceU proliferation as wsU^ inUbitors of the sy^SS^f^S^^^ 
larproto^cog«,es. One aspect of the present invention provides for the prevention and treatoicn?^f So^by a^^ 
S'l^SL^SrSf^?"; 1 " Pres^it invention pro,?des for inhi^iti^S p^^lfSi^'^rsS: 

ject peptides m the b«atment and prcvcnuon of prostatic hypertrophy, arterial occlusion (restenosis), llii^li^iind 
smooth muscle cell diseases. "^^^S^^???*/"'" 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Siaies pany lo the PCI' on the fiont pag«s of pamphlets publishing international 
applications under the FCT. 



AT 


Au^hlria 


Kl 




Ml 


Mali 


All 


AustruHii 


FR 


Fraucc 


MN 


McHtf^lia 


BB 




GA 


Cidboii 


MR 


Maiirilaiiiu 


BE 


Bdgiuiti 


GB 


LiiiilcU Kjfi];iJotti 


MW 


Malawi 


BF 


Burkina hiou 


CM 


Cibiiicj 


NL 


NcihcrlaiKb 


BC 


Bulj^ri«i 


GR 


(inxcc 


NO 


Norvra> 


Bl 


Biaiin 
BnwU 


HU 


Hungary 


PL 




Bit 


IE 


IfulamJ 


RO 


Romania 


CA 


Coiuula 


tT 


Italy 


RU * 


Riusiaii Fi»li;ralkMi 


CF 


C'cniiail Arriciiii Ki:|iublii: 


JP 


Jia|KUi 


SD 


Sudan 


cx; 




KF 


tlemocrjiic Pkwplc'b Rupublic 


SE 


Sweilttn 


CH 


Switrcitand 






SN 




t:j 

CM 


C*6lc d1 voire 


KR 


Republic dT Korea 


SU 


Sovlei Union 




LI 


liixbumslcia 


TD 


Chad 


cs 




IM 


Sri IjinLa 


TC 


Toijo 


DE 


Cicrroany 


LU 


ljuunihourg 


IJ& 


United States of America 


DK 




MC 


Munami 






£!£ 


SfUlii 


MC 


Modiigasirar 







10 



25 



30 



WO 92/13549 PCTA;S92/00905 

-1- 

INHIBITION OF CELL PROLIFK1?&>PTnM 
^ BY HYDROPHOBIC PEPTITOM 

Inappropriate, inopportune or excessive cell 
proliferation is a major cause not only of cancer but 
5 T° Typically a cancerous cell loses 

its ability to respond to cellular signals for growth 
restraint. Similarly, unchecked smooth muscle cell 
growth within the inner lining of arteries is a major 
cause of arteriosclerosis and of reoceluslon after 
arterial dilation. 

The present invention is directed towards the 
use of certain hydrophobic peptides to inhibit cellular 
growth, especially of smooth muscle cells and cancerous 
cells. Generally these hydrophobic peptides have 2-7 
amxno acids such as alanine (Ala), arginine (Arg), 
cysteine (Cys), isoleucine (lie), leucine (Leu), lysine 
Lys , methionine (Met), norleucine (nLeu), phenylalanine 
(Phe), proline (Pro), threonine (Thr), tyrosine (Tyr) 
tryptophan (Trp) or valine (Val). m accordance with 
the present invention, these peptides are potent 
inhibitors of cell proliferation. 

One aspect of the present invention provides 
for the prevention and treatment of cancer by 
administrating the subject peptides to an animal 
Another aspect of the present invention relates to 
inhibiting cell proliferation of smooth muscle cells with 
the subject peptides. An additional aspect of this 
invention relates to the prevention of arterial occlusion 
in vivo using the subject peptides and methods of 
administration of these peptides for the prevention and 
treatment of arteriosclerosis. 
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1 Biologists have long recognized that control of 

cell proliferation is one of the most basic aspects of 
multicellular existence, throughout embryological 
development/, and through all of adult life, 

5 differentiated cells have a choice of whether to divide 
or not. only if a programmed series of correct decisions 
is made can the orgajiism continue to function normally. 
If incorrect decisions are made one cell type can 
replicate unchecked, thereby interfering with critical 
10 life functions and latimately threatening the existence 

of the organism. 

Intertwined with any discussion or study of 
cell proliferation is the nature and basis of cancer. 
This collection of horrific diseases by definition 

15 involves cells which divide trtien they should not, thus 
producing tumors. Cancer can arise by changes in 
differentiated cell types, resulting in cancer cells that 
exhibit many of the morphological and functional 
characteristics of their respective non-cancerous 

20 precursor cells. Cancer is conmon in cells that normally 
undergo frequent division (e.g. epithelial cells of the 
skin) and so the problan may not be that cancer cells 
divide frequently but that they lack the normal control 
sytems to stop unwanted cell division. Bence, in an 

25 effort to find effective drugs for cancer therapy, 
reagents are sought which control or inhibit cell 
proliferation. The peptides of the present invention can 
provide this control. 

However, cancer is not the only disease that is 

30 exacerbated by excessive cell proliferation. Researchers 
also recognize that unchecked proliferation of smooth 
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1 muscle cells can lead to partial blockage of arteries^ 
causing arteriosclerosis. Even after treatment of 
arteriosclerosis by balloon dilation (angioplasty) of 
blocked portions of an arteries, further smooth rauscle 
5 cell proliferation can cause reocclusion (restenosis) of 
the artery. Hence, inhibition of smooth muscle cell 
proliferation in arteriosclerosis, or after dilation of 
arteries, provides a promising new treatment strategy. 

Arteriosclerosis is a disease of the inner 

10 lining, or intlma, of arteries leading to formation of 
fatty lesions on the arterial inner surfaces. The 
earliest stage in the development of these lesions is 
believed to be damage to the endothelial cells and 
sublying intima. Damage can be caused by physical 

15 abrasion of the endothelitam, by abnormal substances in 
the blood, or even by the effect of the pulsating 
arterial pressure on the vessel wall. Once the damage 
has occurred, smooth muscle cells proliferate and migrate 
from the media (middle layer) of the arteries into the 

20 lesions • Soon thereafter, lipidic substances, especially 
cholesterol, begin to deposit within the proliferating 
muscle cells, generating plaques. In later stages, 
synthesis of extracellular matrix by fibroblasts and 
other cells infiltrating the degenerative areas causes 

23 progressive sclerosis (fibrosis) of the arteries. 
Calcium often precipitates with lipids to generate 
calcified plaques. When fibrosis and calcification 
occurs, the arteries become extremely hard. The hardened 
arteries lose most of their distensibility, and the 

30 region within and surrounding them is easily ruptured. 
Arteriosclerotic plaques often protrude through the 
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1 intima into the flowing blood, and the biochemical or 
physical changes of the plaque surface can cause blood 
clots to develop. 

Alniost half of all human beings die of arterio- 
5 sclerosis. Approximately two thirds of these deaths are 
caused by clot formation in a coronary artery, the 
rmaining one third occur by clot formationt or 
hemorrhage of vessels, in other organs of the body, 
especially in the brain (causing strokes). 

10 A coimnonly used treatment for coronary arterio- 

sclerosis is percutaneous transluminal coronary 
angioplasty^ or arterial dilation. This procedure is a 
treatment of choice because it can enlarge a narrowed 
arterial passageway « However, arterial injury may occiir 

15 during angioplasty and this injury can re-initiate or 
intensify the process of plague formation leading to 
reocclusion of the artery. In fact reocclusion 
(restenosis) of the artery appears to be an exaggerated 
response to the controlled injury of angioplasty^ and 

20 occurs in 30-40% of all patients receiving angioplasty. 
The process of restenosis is very similar to the 
formation of the original arteriosclerotic plague, but 
occurs on a shorter time scale. Endothelial cell injury 
caused by angioplasty leads to platelet aggregation and 

25 shortly thereafter to activation of smooth-muscle cell 
proliferation. Platelets secrete platelet-derived growth 
factor (PDGF), which is one of the most potent cell 
proliferative factors for smooth muscle cells f oiind in 
senim. PDGF is also a chemotactic attractant for smooth 

30 muscle cells and may be responsible for attracting 

smooth muscle cells fran the middle layer, or media, of 
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1 the artery into the intima as well as for the Initial 
proliferation of smooth muscle cells within the intima. 
However, it is thought that PDGP alone does not optimally 
stimulate DNA synthesis. PDGF- stimulated cells require a 
5 second group of growth factors (termed "progression 

factors"), to initiate DNA synthesis and cell division. 
PD6F alone appears to simply stimulate cells to enter a 
new cell cycle by causing the cell to move from the Gq 
arrest state to (Fig. 1 depicts the time course of a 

10 typical mammalian cell cycle) . Exposiire to progression 
factors allows cells to move through the cell cycle by 
initiating WA S3rnthesis (S phase). A number of 
progression factors are known, including epidermal growth 
factors from platelets and scmiatomedin*C present in 

15 serum. 

In accordance with the present invention, 
specific peptides are shown to be effective in the 
inhibition of cell proliferation, and provide new 
reagents for the prevention and treatment of 

20 arteriosclerosis, prostatic hypertropy and various forms 
of cancer. The block in cell division caused by the 
present peptides appears to occur prior to the S, or DNA 
synthesis, phase of the cell cycle. A secondary block to 
cell division in the G2 or M phase of the cell cycle, is 

23 also observed when cells are exposed to the subject 
peptides for longer periods of time. 

The subject peptides are also inhibitors of 
calcium-dependent thiol proteases, calpains I and II* 
The calpains are cytosolic cysteine proteases which are 

30 ubiquitously distributed in most cell types . The 

biological function of calpains is not clear. However, 
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1 calpains have been implicated in nxamerous processes 
including the re-structuring of the plasma inembrauie 
(Zaidi, et al., 1989^ J. Membrane Biol. 110:209-216), the 
proteolysis of two important cytoskeletal proteins 
5 (Yoshida, et al., 1984, FEBS Letters 170:259-262) as well 
as the regulation of platelet aggregation (Fox, et al., 
1983, J* Biol. Ch^. 258:9973-9981) and the activation of 
several cellular regulatory proteins (Hurachi et al., 
1981, in Advances in Enzyme Regulation, 6* Weber, ed« , 
10 Pergaroon Press, New York, 19:407-424), 

The present invention is directed to a method 
of inhibiting animal cell proliferation, especially the 
inappropriate. Inopportune, or excessive cell 
proliferation associated with cancer, arteriosclerosis, 
15 restenosis, and smooth muscle or endothelial cells. In 
particular, the method provides for administering a 
growth inhibiting amount of at least one of certain 
hydrophobic peptides to an animal or to cultured cells, 
wherein the subject pepties range from 2 to 7 amino acids 
20 and are represented by the formula: 

R-Xaa^- (Xaa) j^-Xaa^ 

and further wherein 
m is 0-5; 

R is Iqrdrogen, epoxysuccinyl, cholesteryl, 
25 aryl, aralkyl or acyl; 

Xaa^ and (Xaa)^^ are independently Ala, Arg, 
lie. Leu, Lys, Met, nLeu, Phe, Pro, Thr, Tyr, Trp or Val; 

Xaa^ is an amino acid from the group Ala, Arg, 
Cys, lie. Leu, Lys, nLeu, Phe, Pro, Thr, Tyr, Trp, Val or 
30 the corresponding alcohol, aldehyde, epoxysuccinate, acid 
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halide, carbonyl haloniethane or diazoinethane derivative 
of the carboxy terminal group of said amino acid. 

Specifically, the preferred peptides of this 
invention include shorter peptides with two or three 
amino acids, i.e. m being 0 or 1, and more especially 
include benzyloxycarbonyl-Leu-norleucinal and 
acetyl-Leu-Leu- 
norleucinal. 

Moreover, the present method is useful in 
treating and preventing smooth muscle cell proliferation 
arteriosclerosis, restenosis, especially restenosis 
occuring after percutaneous transluminal coronary 
angioplasty, and cancer and cancerous -like conditions 
such as prostatic hypertrophy, small cell carcinoma of 
15 the lung and some endotheliomas and sarcomas. 

Another aspect of the invention provides 
pharmaceutical compositions containing the subject 
peptides with a pharmaceutically acceptable carrier for 
administration to an animal in accordance with the 
20 methods of this invention. 

Fig. 1 depicts the phases of the mammalian cell 
cycle and the approximate duration of each phase. 

Fig. 2 depicts the inhibitory effect of 
calpeptin (benzyloxycarbonyl-leucine-norleucinal) on the 
25 proliferation of vascular smooth muscle cells. The open 
circles depict the growth of untreated cells; the solid 
circles depict the growth of cells treated with 
calpeptin. 

Fig. 3 depicts the normal distribution of dna 
30 xn cultured vascular smooth muscle cells at various times 



35 



SUBSTITUTE SHEET 



wo 92/13549 



PCT/IS92/00905 



10 



-8- 

after addition of serum to serum depleted cells. At 12 
hours (T=12 hr) after serum addition most cells have a 2n 
DNA content (the amount of DNA normally found in resting 
or non-dividing cells). Addition of serum allows the 
cells to enter the cell cycle and to begin DNA synthesis. 
By 24 hours (T=24 hr) after serum addition there is an 
approximate equal distribution of cells with a 2n DNA 
content and a 4n SNA content (twice the amount of DNA as 
in non-dividing cells). 

Fig. 4 d^icts a comparison of the amount of 
DNA in cells ea^sed to calpeptin with that in cells not 
escposed to calpeptin. This figure demonstrates that 
exposure to calpeptin arrests the division of most cells 
prior to DNA synthesis, since most cells exposed to 
15 calpeptin have a 2n content of DNA after 24 hours of 
culture in the presence of serum. The top left panel 
provides a control of dividing cells for comparison with 
the other panels: a 2n DMA content is depicted by the 
left peak and a 4n DNA content is depicted by the right 
peak, caironic es^sure of cells to calpeptin allows some 
progression through the cell cycle to the G2 or M phase 
of the cell cycle as demonstrated by a higher DNA content 
in cells after 2 weeks exposure to calpeptin. 

Fig. 5 depicts the effect that acetyl-Leu-Leu- 
25 norleucinal (Inhibitor I), acetyl-Leu-Leu-methioninal 
(Inhibitor II) and calpeptin have on DNA synthesis as 
measured by ^H-thymidine incorporation in growing smooth 
muscle cells. The amount of thymidine incorporated into 
cells treated with 10"^ to IO'^'m of calpeptin or 
acetyl-Leu-Leu-norleucinal is significantly less than 
that incorporated into control cells. 
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^ The present invention provides a method of 

inhibiting cell proliferation in vivo or in vitro, using 
a class of hydrophobic peptides which are effective for 
that purpose, a general formula depicting the structures 

5 of these peptides is: 

R-Xaa^- (3taa)jjj-xaa^ 

wherein: 

m is 0-5; 

R is hydrogen, an epoxysuccinyl, a cholesteryl, 
aryl, aralkyl or acyl; 

Xaaj and Xaa^^ are independently Ala, Arg, He, 
. Leu, Lys, norleucine (nLeu), Phe, Pro, Thr, Tyr, Tn> or 
15 Val; 

Xaa^ is an amino acid from the group Ala, Arg, 
Cys, He, Leu, Lys, nLeu, Phe, Pro, Thr, Tyr, Trp, Val or 
the corresponding aldehyde, alcohol, epoxysuccinate, acid 
halxde, carbonyl halomethane, or dlazomethane derivative 
of the carbojcy terminal amino acid. 

Xaa^ is the N-terminal amino acid; Xaa is the 
C-terminal amino acid and (Xaa)^ represents internal 
amino acids, if present. The values of m range from 0 to 
5, with preferred values of m being 0 to 3. The most 
preferred values for m are 0 or 1. 

The aldehyde, alcohol, epoxysuccinate, acid 
halide, carbonyl halomethane, or diazomethane 
carboxy-terminal derivatives of Xaa^ are represented by 
the formulas -CH=0, -CB^-OH^-co-c^-ca-cof , -co-Y, 
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1 -CO-CHj-Y, or -CH-N^ respectively. As used herein, Y is a 
halo group, or halide, especially CI, Br or I. in 
particular, CI or Br are preferred with CI as the most 
preferred. 

5 When R is an acyl group it has the general 

formula R'-CO, wherein R' is a lower alkyl or aryl group. 

As used herein, the term lower alkyl refers to 
alkyl groups containing one to six carbon atoms. These 
groups may be straight-chained or branched and include 
10 such moieties as metlqrl, ethyl, propyl, isopropyl, 
n-butyl, sec-butyl, isobutyl, t-butyl^ pentyl, amyl, 
hexyl and the like. The preferred alkyl groups are c,-C- 
alkyl. ^ * 

When R or R' is an aryl group then the term 
15 aryl, when used alone or in combination refers to an 
aromatic ring containing six to ten carbon atoms. 
Moreover, the present aryl groups include aralkyl groups 
(aryl groups with lower alkyl groups as ring 
substituents) and more specifically the groups benzyl, 
benzoyl, naphtlorl^ earbosorbenzyl, benzyloxyearbonyl, or 



20 



25 




wherein n is an integer from 0-6 and preferably 0-3. 
Aryl groups may have lower alkyl groups substituents at 
any, some or all, available ring positions. Lower alkyl 
group substituents are the same as those defined above. 
30 Preferred R groups are cholesteryl, 

benzyloxyearbonyl, acetyl or benzoyl groups. The most 
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1 preferred R groups are acetyl^ benzyloxycarbonyl and 
cholesteryl* 

For Xaa^ the preferred amino acids are.Argr 
lie. Leu, Lys, Met, nLeu, Phe, Tyr or Val. The most 
5 preferred are Leu nLeu or Val. 

Each (Xaa)j^ amino acid can independently be 
Ala, Arg, He, Leu, Lys, Met, nLeu, Phe, Pro, Tyr, Trp or 
Val, Preferred Xaa^ amino acids are Arg, He, Leu, Lys, 
Met, nLeu, Phe, Thr, Trp, Tyr, or Val. The roost 
10 preferred (Xaa)^ amino acids are Leu, nLeu, or Val. 

Preferred Xaa^ amino acids are the aldehyde, 
alcohol, epoxysuccinate, acid halide, carbonyl 
halcmethane or diazoniethane derivatives of Arg, He, Leu, 
Lys, nLeu, Phe, Thr, Trp, Tyr or Val. The roost preferred 
15 carboxy-terminal amino acids are the aldehyde derivatives 
of Leu, Lys, nLeu, Phe or Tyr. 

In particular, the preferred hydrophobic 
peptides of this invention are calpeptin 
(benzyloxycarbonyl-Leu-norleucinal) and acetyl-Leu-Leu 
20 norleucinal. 

The subject peptides may be chemically 
synthesized or isolated from a bacterial, fungal or plant 
source. Isolation can be by any technique used by one 
skilled in the art, including differential extraction, 
25 ion-exchange or gel filtration column chrMiatographic 
procedures and high pressure liquid chromatography. 
Chemical synthesis of the subject peptides is by any of 
the methods for peptide synthesis, for example by either 
solution or solid phase synthetic procedures such as the 
30 Merrifield procedure. Solid phase synthesis is commonly 
preferred for making longer peptides but many of the 
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1 short peptides (with two to four amino acids) can be made 
efficiently by solution synthesis. 

A basic problem in peptide synthesis is one of 
blocking or protecting the alpha amino group f rran 
5 indiscriminate reaction with a carboxyl group of an 
undeslred amino acid; an additional problem is the 
prevention of reactions with amino acid side chains. 
These undesirable side reactions are prevented by use of 
blocking groups that render an alpha amino group, or a 

10 side chain group/ unreactive but permit the desired 
reaction to take place. In addition to providing 
protection against undesirable reactions, the blocking 
group Wttst be easily rranoved without chemically altering 
the remainder of the molecule, especially the peptide 

15 linkage that has been built up during synthesis. (See 
generally, Morrison and Boyd, Organic Chemistry , Third 
Ed., Sec. 30.10 Synthesis of Peptides, pp. 1131-1133, 
1983). 

In practice, the strategy of m axi m al protection 
20 of all side chain functionalities has been routinely 
eDployed. There are at least two sets of side 
chain-protecting groups and the choice of one set over 
another is dictated by the protecting group strategy 
chosen for the alpha amino grov«). General procedures for 
25 peptide synthesis are provided in Barany et al. (1980, in 
The Peptides 2t 1-284, Gross E. and Meienhofer, J. eds. 
Academic Press, New York) and Stewart et al. (Solid Phase 
Peptide Synthesis , Pierce Chemical Co.). 

Commonly used alpha amino protecting groups axe 
30 tert-butyloxycarbonyl (Boc; cleaved by acid treatment) , 
9-fluorenylmethylQ3ycarbonyl (FMOC; removed by treatment 
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with a secondary amine such as piperidine) and 
carbobenzyoxy (2 or Cbz; removed by catalytic 
hydrogenation) . 

The alpha-amino Boc, benzyl -based side chain 
protection strategy relies on the principle of graduated 
acid lability of the protecting groups. Boc-protected 
amino acids are inea^pensive and available in high purity. 
A general scheme for Boc-based peptide synthesis is 
depicted below. 

Boc-Based Peptide Synthesis 
Boc-AAg-QBzl-CHj-CO-NH-CHj -Resin 

I Deprotect 

15 Tfa-0~ ■^"NHj-AAg-oBzl-CHj-CO-NH-CHj -Resin 

^ Neutralize 

^2"^a"*®*^'CH5-C»-NH-CH- -Resin 

20 « ^ 2 

(Boc-AA)20 nJ Couple 

Boc-AA-OH ^— — ^ 

^-AAg+i-AAq-OBzl-CHj-CO-NH-CHj-Resin 

In the Boc-based peptide synthetic scheme 
depicted above, Boc-AA represents an amino acid with a 
Boc protecting group on its alpha amino group. The 
30 subscript g on AA depicts the number of amino acids in 
the peptide; g is an integer, from 1-6 in the present 
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1 invention. Tfa-0~ is trifluoroacetic acid. 

OBzl-CHj-CO-NH-CHj-Resin represents a possible coupling 
arm and its attacdiment to a solid phase resin. As 
described above, use of a solid phase resin is optional, 
5 depending on the size of the peptide. 

The FNCX: based strategy tjses different 
mechanisms for removal of the alpha amino and side chain 
protecting groups: a secondary amine for the alpha amino 
protecting group and treatment with trifluoroacetic acid 
10 for the side chedji protecting groups. An FMOC-based 
peptide synthesis scheme is depicted below. 

FMOC'Based Peptide Svntiiesis 



15 



FMOC-AA^-O-Bzl-O^CHj-Resin 

peprotect 

MH- -A3C-0-Bzl-O-ra, -Resin 
2 g * 

20 FMOC-AA-pBt'->^ I Couple 

HOBt 



25 



30 



g 

i 



PI 



PMOC-AAg^.3^-AAg-aBal-0-CH2-Resin 

An FMOC protected amino acid is represented by FMOC-AA. 
The o-Bzl-O-CHj-Resin depicts an optional solid phase and 
its coupling arm to the synthetic peptide. 

Synthesis of the present peptides need not be 
limited to the Boc and FMDC synthetic techniques depicted 
above. For example benzyloacycarbonyl-leu-norleucinal 
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(calpeptin) may be synthesized in solution, using 
benzyloxycarbonyl-leucine (2-Leu-OH, 1) as starting 
material. 2-Leu-OH is first reacted with 
isobutylchlorofonnate to make a mixed anhydride as 
depicted below. 



2-NH-CH-CO-QH + Cl-CO-CH^-CH- ( CH, ) , 
CH2-CH(CH3)2 

10 2-Leu-OT (1) ISObutvlchlnr»^=»^,t.^ 



15 
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30 



Z-NH-CH-CO-0-CO-CH2-CH ( CH3 ) 2 

CH2-CH(CH3)2 
Mixed Anhydride (2) 



The mixed anhydride (2) is then coupled with the methyl 
ester of norleucine (n-Leu-OMe, 3) using a coupling 
20 reagent, for exainple, N-ethyl-N\N«-dlmethylaminopronyi 
carbodiinide (WSCD). 

Z-NH-CH.CO-0-CO-CH2-CH(CH3) + HH,-CH-CO-0-CH, 
CH2-CH(CH3)2 | (^2)3-013 ' 



i 



yspP n-Leu-OflE {2y 

Z-NH-CH-CO-NH-CH-CO-O-CHj 
(CH3)2CH-C3!2 {^2)3-083 

Z-^Leu-nLeu-OMe (4) 
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The ester, Z-Leu-nLeu-0Me(4) , can be saponified by 
reaction with a strong base to form the acid (5) . 
Reduction with, for example sodium borohydride, yields 
the corresponding alcohol (6) and subsequent partial 
oxidation with sulfur trioxide pyridine complex, 
triethylamine and dime thylsulf oxide, generates the 
corresponding aldehyde (7) • These reactions are depicted 
below: 

"oh 

Z-Leu-nLeu-CMe Z-Leu-nLeu-COQH 
i 5 (Acid) 



Z--Leu-nLeu--COOH 
15 5 



NaBH4 



Z-Leu-nLeu-OH 

6 (Alcohol) 



20 



25 



30 



Z-Leu-nlieu-OH 
6 



Sulfur Trioxide 



Pyridine 



Z-Leu-nLeu-H 
7 (Aldehyde). 



The above synthetic reactions illustrate 
general and specific techniques for S3rnthesizing 
peptides, and for generating the aldehyde or alcohol 
derivatives from the C- terminal carboxylic acids. 
Substituting the C-terminal carboxylic acid for 
diazoroethane can be acccmiplished by first converting the 
carboxylate group into a mixed anhydride using, for 
example, isobutyl chloroformate in tetrahydrofuran and 
N-ethyl morpholine. This reaction mixture can then be 
added to ethereal diazomethane and allowed to react 
overnight. The diazomethane derivatized peptide may then 
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be «tra^ea with water and isolated. Chlorc»etha=e 
aerivat«ed peptides be ™ade from the diazomethane 

at O^nr °' '"^ "^^ «" ^ 

5 °>™- 256.- 

m sow oases the alpha anino snroiip of the 
subjeot peptide .ay be amidated by addltiM of a R.-co- 

taudation .ay be acoomplished by any of the art 
recognized procedures. For exaa^-ie, «,dde forMtlon 
fr^ently involves acylation of the ami™ with acid 
15 «-'»='yllc acids. The 

™iess the acrd is first activated so the -m group 
^™ . good leaving group. Carbodii^des can be us»l 
to activate the carb«Qrlic acid. C=.«„ acylating 

ZTTT -"^"^ oMorldes or 

anhydrides in pyridine. 

Addition of a cholesteryl or «> aryl gr«n, to 
^^-terminal a»ino acid is most easily done bifore ^e 
P^ae xs synthesized. This also prevents unwanted side 
re«:txons wrth non-N-terminal amino add side groups. 
Blowing groups -ay be used on the N-terminal amino acid 
Side group ^ oarboxylate, if needed. By using the 
Mooing group, described for use in peptide synthesis, 
the Cholesteryl- or aryl-derivatised N-terminal amino 
aoxd ma, then be used directly in pepUde synthesis. 
Cholesterol or any aryl gro,«, may be derlvatiz«l at a 
reactive position to provide a good leaving group. For 
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example, the C-3 alchohol of cholesterol may be 
derivatized with p-toluenesulfonyl chloride 
ip-ca^-C^B^-SO^Cj^) , thionyl chloride (SOClj) or be 
replaced with a halide or other group to provide a 
5 leaving group. Aryl groups with appropriate leaving 
groups are frequently ccaranercially available. The 
appropriately blocked amino acid is then reacted with the 
derivatized cholesterol or aryl group under conditions 
which allow the leaving group to be replaced by the 
10 N- terminal amine » 

After synthesis, peptides may be purified and 
salts may be rmoved by gel electrophoresis, flash 
chromatography with a silica gel column, or by other size 
selective chromatography procedures, including gel 
15 chromatography or high-pressure liquid chromatography. 

The present invention is directed to peptides 
of the instant general formulae which have utility to 
inhibit ndesired cellular growth. Hence these peptides 
are useful, for example, in the therapy or prevention of 
20 cancer, for prevention or treatment of arterial occlusion 
(arteriosclerosis) and for inhibiting smooth muscle or 
endothelial cell proliferation. 

Accordingly, the present invention provides a 
method of inhibiting animal cell proliferation hy 
25 administering an effective amount of at least one of the 
hydrophobic peptides defined in accordance with this 
invention. An effective amount is that amount which is 
sufficient to inhibit cell growth or proliferation, 
particulctrly in cells which are in an inappropriate or 
30 excessive growth phase, or an amount to retard or prevent 
the course of a disease state. 
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1 In particular^ the present method is useful for 

inhibiting cell proliferation whether it occurs in vivo 
or in vitro* When this method is used for in vivo cell 
inhibition, the method can include administering the 
5 subject peptides to an animal such as mammals, e.g. 
humauis , monkeys , rabbits , mice , cows , or a veterinary 
animal or farm animal such as cats, dogs, chickens, 
ttirkeys, horses and the like. By in vitro cell 
proliferation is meant the inhibition of cultured cells, 

10 e.g. tissue culture cells or primary cell cultures 

obtained from a patient. Hence the method of inhibiting 
ciatured cells can include administering, treating or 
co-culturing such cells in the presence of the subject 
peptide. For example, the peptides may be co-cultured 

15 with cells continuously or for varying periods of time. 

Similarly, the subject peptides can be 
administered singly or in combination as dictated by the 
exigency of the condition. One skilled in the art can 
readily select and combine the subject peptides for 

20 simultaneous administration if necessary or as required 
by the circumstances of treatment. 

The present method is particularly useful for 
inhibiting smooth muscle or endothelial cell 
proliferation. Consequently, this method provides a 

25 means of treating and preventing diseases associated with 
inappropriate, inopportune, or excessive cell 
proliferation of smooth muscle or endothelial tissues. 
In particular, such diseases include anteriosclerosis, 
restenosis and prostatic hypertrophy. The treatment and 

30 prevention of restenosis by the present method is 
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1 especially useful after percutaneous transluminal 
coronary angioplasty. 

Moreover, the present method is particularly 
useful for inhibiting the proliferation of cancerous 

5 cells in an animal or in cell cultiare. Hence ^ the method 
provides a means of treating and preventing cancer and 
cancer^like diseases, e.g. benign tumors, arising from 
inappropriate, inopportune or excessive cell 
proliferation. 

10 The administration of the subject peptides can 

be accomplished by any convenient route known to those 
skilled in the art by providing the subject peptides in 
an effective amotmt stiff iclent to inhibit cell 
proliferation as required by the exigency of the therapy. 

15 Routes of administration include oral, enteric, 

parenteral, intravenous, intramuscular, intrapericardial, 
intranasal and topical. The amount of peptide delivered 
varies by route and can be determined by one skilled in 
the art in accordance with the guidelines provided 

20 herein, especially as relates to pheunnaceutical 
ccHnpositions * 

The present peptides inhibit cellular 
proliferation both in vitro amd in vivo. Cultured cells 
can be used to test for the effects of the present 

25 peptides on the rate of cell division. The rate of cell 
division can be assessed by exposing cells to the subject 
peptides, then counting cell number as a function of time 
and comparing to controls. Addition of the subject 
peptides to the cell cultxire medium causes a significant 

30 decrease in cell growth. Cells grown without the subject 
peptides increase in number by almost 10 -fold in four 
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days. Cells grown in the presence of the subject 
peptides show little or no increase in number over a 
similar time period. 

The rate of DNA synthesis can be determined by 
observing the incorporation of labeled nucleotide into 
cellular DNA. A nucleotide may be radioactively labeled. 
Alternatively, a labeled nucleotide may be a nucleotide 
analog that is readily incorporated into DNA and is 
detected by a second detector molecule. One example of a 
nucleotide analog is bromodeoxyuridine (BUdr) which may 
be detected by, for example, f luorescently labeled 
antibodies directed against bromodeoxyuridine. Total DNA 
content may be assessed, for exan^jle, by using propidium 
iodide. 

To assess which stage of the cell cycle is 
affected by the present antiproliferative agents, cells 
may be synchronized or reversibly arrested in the 6 , or 
non-growing stage, of the cell cycle. Synchronization 
can be achieved by any of a nundber of reagents known to 
one skilled in the art, or siniply by replacement of the 
culture medium with serum-free medium for 2 or more days. 
To initiate synchronized cell growth the cells may be 
rinsed with rich medium containing no cell cycle 
arresting reagent and then allowed to grow in normal, 
25 serum containing medium. To test the affect that the 
present peptides have on the growth of synchronized 
cells, the peptides may be added to the growth medium at 
various times after removal of the cell cycle arresting 
reagent or after addition of serum to the medium, i.e., 
30 after releasing the cell cycle arrest. 
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^ To assess the cell cycle stage of the cells, 

flow cytometry can be used to sort cells on the basis of 
DNA content. Cells which have incorporated more than a 
normal 2n amoiint of labeled or analog nucleotide can be 
5 distinguished, counted euid sorted from cells with only a 
notmal 2n DNA content. mA content is a reflection of a 
cell's stage in the cell cycle. A 2n DNA content is the 
noxnal content for a cell \Aiich Is not synthesizing DNA. 
Hence a cell with a 2n DNA content may be a non-growing 
10 cell, or a cell lAiLch has just divided but not yet begun 
DMA synthesis for another round of cell division. A 4n 
DNA content indicates that the cell has finished 
duplicating its normal DNA content but has not yet 
physically divided into two daughter cells. A DNA 
15 content between 2n and 4n indicates a cell is in the 
process of DNA synthesis - 

Cells exposed to the subject peptides for short 
periods of time do not progress through the MIA synthesis 
(S) phase of the cell cycle and hence have a 2n DNA 
20 content long after cell cycle synchronization. However, 
i*en escposed to the present peptides for up to 2 weeks 
some cells may undergo DNA synthesis (i.e., have a mh 
content greater than 2n) but do not undergo cell 
division, indicating that the present peptides can cause 
25 a further block in the cycle at the or N phase. 

In a further analysis of the biochemistry of 
cells exposed to the peptides of this invention, the 
present invention demonstrates that transcription of two 
known cellular proto-oncogenes, c-fos and c-myc , are 
30 depressed relative to that observed in cells not exposed 
to the present peptides. The c-fos and c-rovc gene 
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1 products are believed to act as transcription factors 
having a role in transformation of a cell to a malignant 
phenotype. Hence, the present peptides are useful not 
only for depressing cell growth but also for depressing 

5 the production of factors that can lead to malignant 
cancer* 

The active ingredients of the present 
pharmaceutical compositions include the present peptides 
which eathibit antiproliferative activity when 

10 administered in therapeutic amounts from about 0«1 mg to 
about 2000 rog per kg of body weight per day and 
preferably in amounts of from about 1.0 to 100 mg per kg 
of body weight. Localized administration of a 1.0 to 
1000 micromolar solutions of the subject peptides is 

15 preferred. One skilled in the art can adjust the dosage 
regimen to provide the optimum therapeutic response. For 
exaiqple^ one dally dose may be administered or several 
divided doses may be given and the doses may be 
proportionally reduced or increased as Indicated by the 

20 exigencies of the therapeutic situation. The active 

compound may be administered in a convenient manner such 
as by an intravenous, intraparacardial, oral, 
intramuscular, intradermal, or subcutaneous route. The 
active compoimds may also be administered parenterally or 

25 Intraperitoneally. Intravenous or intrapericardial 
administration Is preferred. 

Depending on the route of administration, the 
active ingredients of the subject pharmaceutical 
composition may be coated in a material to protect the 

30 ingredients from the action of enzymes, acids or other 
natural products. Dispersions can be prepared in 
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glycerol, liquid polyethylene glycols, oils and in 
mixtures thereof. Under ordinary conditions of storage 
and use, these preparations may contain a preservative to 
prevent the growth of microorganisms. 

The pharmaceutical preparations suitable for 
injecUon include sterile liposomal suspensions, agueous 
solutions or diwrsions, as well as sterile powders for 
exteiqporaneous preparation of Injectable solutions or 
dispersions, in all oases the preparaUon must be 
sterile and must be fluid to the extent that it is easily 
syringable. A preparation must be stable under the 
conditions of manufacture and storage and must be 
preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier 
15 can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, 
propylene glycol, liquid polyethylene glycol, and the 
like), suitable aixtures thereof, and vegetable oils. 
The proper fluidity can be maintained, for example, by 
the use of a coating such as lecithin, the maintenance 
of the required particle size in the case of dispersion 
and by the use of surfactants. The prevention of 
microbial action can be brought about by various 
antibacterial and antifungal agents, for example, 
25 parabens, chlorobutanol, phenol, sorbic acid, thimerosal, 
and the Uke. In many cases, it is preferable to include 
isotonic agents, for example, sugars or sodium chloride. 

Preferred carriers are those which protect the 
active compound against rapid elimination from the body, 
such as controlled release formulations, including 
implants and microencapsulated delivery systems - 
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1 Biodegradable, bioconipatible polymers can be used, such 
as polyanhydrides, polyglycolic acid, collagen and 
poly lactic acid, 

Uposoinal carriers are also contemplated as 
5 preferred carriers by the present invention. In addition 
to the subject peptides, liposome carriers may 
incorporate within them agents which help target the 
subject peptides to the appropriate cell type, e»g. 
antibodies directed against membrane proteins found only 

10 on a specific cell type. Liposomal formulations may be 
prepared by dissolving appropriate lipids in an inorganic 
solvent which is subsequently evaporated to generate a 
thin film of dried lipid on the surface of a container. 
Appropriate lipids may include stearoyl phosphatidyl 

15 ethanolamine, stearoyl phosphatidyl choline, arachadoyl 
phosphatidyl choline and cholesterol. An aqueous 
solution of the active compound, with the desired 
additional carriers or agents as described above, is then 
introduced into the container. The container is then. 

20 swirled to free the lipids from the sides of the 

container and to disperse lipid aggregates, thereby 
forming the liposomal suspension. Nethods for 
preparation of liposomal formuations will be apparent to 
those skilled in the art. 

23 Sterile injectable solutions may also be 

prepared by incorporating the active cotnpounds in the 
required amount and in the appropriate solvent with 
various of the other ingredients enumerated above, 
followedi by filter sterilization. Generally, dispersions 

30 are prepared by incorporating the various sterilized 

active ingredients into a sterile vehicle which contains 



35 



SUBSTITUTE SHEET 



wo 92/13549 



-26- 



PCT/US92/00905 



1 the basic dispersion medium and the required other 

ingredients (enumerated above), in the case of sterile 
powders for the preparation of sterile injectable 
solutions, the preferred method of preparation is vacuum 

5 drying. This freeze-drying technique yields a powder of 
the active ingredient with any additional desired 
ingredients from the previously sterile-filtered 
solution. 

When the present peptides are suitably 
10 protected they may be orally administered, for example, 
with an Inert diluent or with an assimilable edible 
carrier, or they may be enclosed in hard or soft gelatin 
capsule. They may also be compressed into tablets, or 
incorporated directly into a food vhLch is part of the 
15 diet. For oral therapeutic administration, the active 
peptide may be incorporated with excipients and used in 
the form of ingestible tablets, buccal tablets, troches, 
capsules, elixirs, suspensions, syrups, wafers, and the 
like. Such ccnipositions and preparations should contain 
20 at least 1% of active ccanpound. The percentage of the 
ccanposltions and preparations may, of course, be varied 
and may conveniently be between about 5% to about 80% of 
the weight of the unit. The amount of active compound in 
such therapeutically useful compositions is such that a 
25 suitable dosage is obtained. Preferred conposltlons or 
preparations according to the present Invention are 
prepared so that an oral unit dosage form contains 
between about 1 y.g and 2000 mg of active compound. 

The tablets, troches, pills, capsules and the 
30 like may also contain the following: a binder such as 
gum tragacanth, acacia, corn starch or gelatin; 
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1 exclpients such as dicalciiim phosphate; a disintegrating 
agent such as corn starch, potato starch, alginic acid 
and the like; a Ixibricant such as roagnesiuin stearate; and 
a sweetening agent such as sucrose, lactose or saccharin 
5 way be added or a flavoring agent such as peppermint, oil 
or wintergreen^ or cherry flavoring- When the dosage 
form is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier. Various 
other materials may be present as coatings or to 

10 otherwise modify the physical form of the unit dosage. 
For instance, tablets, pills, or capsules may be coated 
with shellac. A syrup or elixir may contain the active 
compotind, sucrose as a sweetening agent, methyl and 
propylparabens as preservatives, a dye and flavoring such 

13 as cherry or orange flavor. Of course, any material used 
in preparing any dosage unit form should be 
pharmaceutically pure and substantially non-toxic in the 
amounts employed. In addition, the active compound may 
be incorporated into sustained-release preparations and 

20 formulations. 

It is especially advantageous to formulate 
parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Unit dosage 
form as used herein refers to physically discrete units 

25 suitable as unitary dosages for the mammalian subjects to 
be treated; each unit containing a predetermined quantity 
of active material calculated to produce the desired 
therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the novel 

30 dosage unit forms of the invention are dictated by and 
directly dependent on (a) the unique characteristics of 
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1 the active material and the particular therapeutic effect 
to be achieved, and (b) the limitations inherent in the 
art of compounding such an active material for the 
prevention of disease in living subjects. 
5 The principal active peptide ingredient, is 

compounded for convenient and effective administration in 
pharmaceutically effective amounts with a suitable 
pharmaceutlcally acceptable carrier in dosage imit form 
as hereinbefore disclosed. A unit dosage form can, for 
10 example, contain the principal active compound in amounts 
ranging from 1 ug to about 2000 mg. Expressed in 
propo]:tions, the active conipound is generally present in 
from about 1 ug to about 2000 per ml of carrier. In the 
case of compositions containing supplementary active 
15 ingrredients, the dosages are determined by reference to 
the usual dose and manner of administration of the said 
ingredients . 

As used herein, "pharmaceutically acceptable 
carrier" includes any and all solvents, dispersion media, 
20 coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents, and the like. The use of 
such media 2md agents for pharmaceutical active 
substances is well known in the art. Except insofar as 
any conventional media or agent is inconqpatible with the 
25 active ingredient, its use in the therapeutic 

compositions is contemplated. Supplementary active 
ingredients can also be incorporated into the 
compositions . 

The following examples further illustrate the 

30 invention. 
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1 EXAMPLE 1 

Materials and Methods 

Cell Culture 

Bovine aortic smooth muscle cells were obtained 
5 by outgrowth from medial explants of thoracic aortae of 
cows within 4 hours of slaughter. Initial outgrowth as 
well as standard maintenance growth was in LKEU with 10% 
FBS added. Media were renewed every 2-3 days. All 
growth was in a humidified incubator equilibrated with a 

10 5% atmosphere* Cultures were passaged immediately 
prior to full confluence by brief exposure to BBSS 
(Hank*s Balanced Salt Solution) containing trifpsin (0*5 
mg/ml) and EDTA (0.5 mM) ; all experiments were performed 
using cells of passage 7 or less* As a test of 

15 viability^ cells were counted and assessed for trypan 
blue exclusion with a hemocytometer at each passage and 
at selected times during time course experiments, 
routinely showing >95% of the population to exclude 
trypan blue. For most subcultures and all experiments 

20 cells were plated at a density of 10,000 cells/cm^, . 
regardless of container. 

These cells exhibited typical morphologic 
characteristics of vascular smooth muscle in vitro 
including a pattern of variably multilayered growth, and 

23 demonstrated specific immunoperoxidase staining by a 

monoclonal antibody selective for muscle a-actin (HHF-35) 
which did not react with endothelial cells, and is known 
not to stain fibroblasts (Tsukada, et al., 1987, Am. J. 
Pathol. 1275 51-60). 
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[ H] Thymidine Incorporation 

E H] thymidine incorporation was used to assess 
cell growth. After obtaining cells as described above 
they were seeded in 24-well microtiter plates and allowed 
5 to attach overnight. The cultures were washed with PBS 
and placed in serum-free medium, consisting of emem with 
1 WM insulin and 5 |ig/ml transferrin added, for a total 
of 48-52 hours (more than one doubling time for iictively 
cycling cells). During the last 6 hours of this 
10 incubation, agents were added at variable concentrations 
in a carrier solution consisting of 1:1 EtOH: HjO to a 
final EtOH concentration of 0.5 ng per 100 ml. 
Serum-free medium was then removed cuid replaced by DMEM 
with 10% FBS using concentrations of agent and carrier 
15 solutions identical to those in the serum-free medium. 
[ H] tl^ymidine was added 18 hours eifter serum repletion 
to a concentration of 2 uci/ml, and was incubated for 6 
additional hours. At the end of the incubation, cells 
were released from the wells and incorporated precursor 
20 removed by washing with distilled waiter. Cell residues 
were collected on glass mesh filter by a automated cell 
harvester. Radioactivity was mectsiired by liquid 
scintillation spectroscopy. 
Flow CvtCTpetric Assays 
25 Cells were plated, allowed to attach, and 

placed in serum free media for 48-52 hours as described 
above. Compounds to be tested were added at the 
designated concentrations in the serum-free media 
followed by serum-containing media, also as described 
30 above. At the specified times after serum addition, 

these cells were harvested by trypsin/EDTA, washed with 
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S T' ' - »S containing 

0^»I-40 and 0.1 p^pi^i™ iodide, to which was 

aad«^™»sa to a final concentration oj 2„,/„i. 
^^trio analyse, were done usin, a Becton-DicWnson 

thf^el^r" r """""^ ■"""''"''^ " ■» and 
a fluorr " "vents were ,ated on 

a £luorescence-«:.a v.. -width »,p to eliminate potential 
clumped nuclei, such event, represented les. t^ 

the total in general. 
Calpentin Svnth»«4. 

Calpeptin was synthesized usins an adaptation 
Of t*. protocol described hy Tsujinaka et al. ,1988 
Blochem. Biophys. Be.. co».. 153 = 1201-1208). Briefly 

a'^ TJT'"^ "'"^ chlorcfon^te to f;r„ 

. mixed anhydride intermediate, this was then coupled To 
h^u-c^-Bcl, followed hy saponification with 1 /^ala L 

T"^'- to the alcohol 

«th soaxum borohydride, and then partially oxidised to 

^ ZllTT^ "^^^ trioxide/pyridin.. 

"li^ celT, Chromatography with a 

sxUca gel column using initially 20% then 301 ethyl 

f"«'w : """"" ^""""l"' recrystaluLion 

from hot h««ne., the melting point was 90-93-0. Puritv 
confirms. ^ i. ethyl acetate .hej^. 
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EXAMPLE 2 

The Present Peptides are Antiproliferative 
Agents for Cells in Culture 
Cells were cultured as described in Example 1. 
5 To assess cell growth, either tritiated thymidine or a 
deo^q^ucleotide analog, bromodeoxyuridine (BUdr) was 
added to the medium; the incorporation of tritiated 
thymidine or of f luorescently labeled antibodies directed 
against bronodeoxyuridine, respectively, gave a measure 
10 of cell proliferation. Addition of propidium iodide to 
the medium allowed determination of the total amount of 
DNA. Cells were sorted by flow cytometry to distinguish 
populations of cells with different DNA (i.e., in this 
example, BUdr) contents. 
15 Addition to the medium of 

benzyloxyceorboxyl-Leu-norleucinal at 100 pM or 
acetyl-Leu-Leu-norleucinal at 50 vM caused a significant 
decrease in ceU growth. As depicted in Pig. 2, the 
. number of cells normally Increased almost 10-fold in 4 
20 days after serum addition but addition of calpeptin 

(benzyloxycarbonyl-Leu-norleucinal) resulted in almost no 
increase in cell number. 

Removal of serxun from the medixun was used to 
synchronize the cell cycle of cultured cells (Pig. 3), 
25 thereby allowing an assessment of which phase of the cell 
cycle was affected by the ccanpounds tested. As depicted 
in Fig. 1, cells normally require about 24 hr to progress 
through the cell cycle. After serum depletion almost all 
cells are arrested in the g^/g^^ phase with a 2n DNA 
30 content (a normal, non~dividing amount of DNA). As 
depicted in Fig. 3, untreated cells exhibit little 
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increase in DNA content at 12 hr after addition of serum. 
However, J>y 18 hr a significant number of untreated cells 
have more than a 2n DNA content, indicating that DNA 
synthesis is progressing. By 21 hr, approximate equal 
numbers of cells have a 2n or 4n DNA Content, while the 
remaining cells have a DNA content between 2n and 4n. By 
24 hr almost all untreated cells have a 4n or 2n DNA 
content. Cells with a 4n DNA content are likely undergo 
cell division shortly, while those with a 2n DNA content 
may have just undergone cell division. 

Pig. 4 depicts the effect of calpeptin on the 
DNA content of cells, in the absence of calpeptin and 24 
hr after serum addition to serum-depleted cells, more 
cells have a 4n DNA than a 2n DNA content, indicating 
15 that significant DNA synthesis is occurring in these 
cells. However, cells exposed to calpeptin do not 
progress through the DNA synthesis phase of the cell 
cycle, as demonstrated by the 2n DNA content of almost 
all calpeptin exposed cells in Pig. 4. By 2 weeks after 
seima addition most non-exposed cells have a 2n DMA 
content indicating that they have stopped growing. Many 
calpeptin-exposed cells, on the other hand, have a 4n DNA 
content at 2 weeks after serum addition, indicating that 
some cell cycle progression has occurred, and that an 
additional block has occurred in these cells at the G, or 
M phase of the cell cycle. No increase in aneuploidy of 
DNA content (over 4n) was observed relative to controls. 
Cell counting demonstrated that no cell growth had 
occurred in 2 weeks in cells exposed to calpeptin or 
acetyl-Leu-Leu-norleucinal and that there were less than 
20% nonviable cells at any time. The ECg^ of calpeptin 
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and acetyl-Leu-Leu-norleucinal is 56 and 14 |iM, 
respectively. 

Pig. 5 depicts the effects of different 
concentrations of calpeptin, acetyl-Leu-Leu-norleucinal 
(Inhibitor I of Fig. 5) and acetyl-Leu-Leu-inethioninal 
(Inhibitor II of Pig. 5) on DNA synthesis in 
proliferating aortic smooth muscle cells as measured by 
tritiated thymidine incorporation by smooth muscle cells. 
Cells eacposed to either calpeptin or acetyl-Leu-Leu- 
norleucinal incorporate significantly less tritiated 
thymidine than do control cells or cells eaiposed to a 
synthetic peptide which is not an anti-prolif erative 
agent (Inhibitor II). 
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EXAMPLE 3 

The Present Peptide s Inhibit TransGrlp i-i..n 
of Proto-Oncoqenes 
By Northern analysis of total cellular mRNA 
5 produced after addition of serum to serum depleted cells, 
acetyl-leucine-leucine-norleucinal caused a 4-fold 
decrease, relative to controls, in the expression of 
c::fos and 0320, known cellular proto-oncogenes. A 
similar decrease in actin mRNA was observed upon addition 
10 of acetyl-leucine-leucine-norleucinal. m all cases, 
niRNA was obtained from the same number of cells. The 
production of mRNA from adenine phosphor ibosyl- 
transferase (APRT), a housekeeping gene required for 
general inetabolic function in all cells, was used as an 
15 internal standard against which different mRNA 

preparations could be compared. No decrease in APRT mRNA 
was seen in treated cells, relative to untreated cells. 
Hence, these peptides not only inhibit cell proliferation 
but also depress the synthesis of cellular oncogenes. 
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EXAMPLE 4 

Prevention of Restenosis After Angioplasty 
by the Present Peptides 
Acetyl-Leu-Leu-norleucinal has been shown to 
5 reduce proliferation of cells in culture (Example 2). To 
demonstrate that acetyl-Leu-Leu-norleucinal and related 0 
peptides can have a similar effect in vivo, and be useful 
in the prevention of arteriosclerosis and restenosis 
after angioplasty, arteriosclerotic rabbits were treated 
10 with acetyl-Leu-Leu- 

norleucinal immediately after angioplasty. Prevention of 
restenosis 2if ter angioplasty was used as a test system 
for prevention of arteriosclerosis because the underlying 
mechanisms of restenosis are like those occurring during 
15 arteriosclerotic plaque formation. 

A 50 )iM solution of acetyl-Leu-Leu-norleucinal 
was slowly injected into 7 arteriosclerotic rabbit 
femoral arteries immediately following angioplasty, a 
porous Wolins]^ catheter was used for this injection to 
20 slowly disperse the peptide into the artery for a period 
of 45 sec. As a control, five contralateral arteries 
were injected with the carrier solution containing no 
acetyl-Leu-Leu-norleucinal (Control 1). As a further 
control, 12 fanoral arteries were treated only with 
25 angioplasty (Control 2). All animals were sacrificed 
after angiography, which was done 2 weeks after 
angioplasty. Arteries were sectioned into 3mm segments, 
stained with hematoxylin/eosin and elastin/trichrome and 
morphometry weis performed. Results were evaluated by 
30 analysis of variance. 
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^ Table 1 summarizes the results of the study. 

Angiography shot^ that the luminal diameter of animals 
treated with acetyl-Leu-Leu-norleucinal was larger than 
in controls, i.e. there was a smaller decrease after 
5 angioplasty in treated than in non-treated animals. 
Similarly, histological measurements indicated that 
treated animals had a larger lumen area than control 
animals. Neolntimal area was the same for all groups 
(0.76 ± 0.42 imn for control 1 animals and 0.63 ± 0.31 

10 mm for control 2 animals; p = 0.817). However, the 
neointima/media ratio was smaller in 
acetyl-Leu-Leu-norleucinal treated animals due to an 
increased medial thicJcness. These data demonstrate that 
. injection of these peptides reduces post-angioplasty 

15 restenosis while preserving the medial layer. 
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10 



15 



20 



TABLE 1 

Effect of Acetyl-Leu-Leu-norleucinal 
(Inhibitor 1) on Restenosis after Angioplasty 



] Treatment 
jafter 

) angioplasty 

I 

I 



None 



I Injection 
|with 
I Carrier 
[Solution 

Y 



I Injection 
fwith 

1 Inhibitor 1 
I 



) Statistical 
I significance 
) (check) 



Decrease 
in arterial 
lumina (by 
angioplasty 



0.83 ± 0.36 mn 



0.88 ± 0.33 mm 



0.26 ± 0.27 lOD 



P = 0.004 



Luminal 
area (by 
histology) 



0.54 ± 0.26 ura^ 



0.55 ± 0.19 mn^ 



0.84 i 0.40 nm^ 



P = 0.113 



Medial 
Thickness 



0.38 ± 0.05 



0.45 ± 0.14 



0.76 ± 0.38 



p = 0.02 
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WHAT IS C LATWirm tc. 

1. A method of inhibiting animal cell 
proliferation which co«^rises administering an effective 
amount of a hydrophobic peptide sufficient to inhibit 
5 cell growth, wherein said peptide has the formula: 

R-Xaa,-{Xaa)„-Xaa„ 
»_ . ••• m c 

wherein: 

m is 0-5; 

^ hydrogen, epoxysuccinyl, cholesteryl, 
■"•O aryl, aralkyl or acyl; 

Xaaj and (Xaa)^ are independently an amino acid 
selected from the group consisting of Ala, Arg, He Leu 
Lys, Met, nLeu, Phe, Pro, Thr, Tyr, Trp and Val; 

Xaa^ is an amino acid selected from the group 
consisting of Ala, Arg, Cys, He, Leu, Lys, nLeu, Phe, 

T/^^' ^ °^ corresponding alcohol, 

aldehyde, epoxysuccinate, acid halide, carbonyl 
halcmethane or diazonethaae derivative of the carboxy 
terminal group of said amino acid. 

2. The method of claim 1 wherein m is 1. 

3. The method of claim 1 wherein m is 0. 

The method of claim 2 or 3 wherein Xaa, is 
—u. 1 

5. The method of claim 2 wherein Xaa^^ is Leu 

6. The method of Claim 2 or 3 wherein Xaa is 
Lys, Leu, nLeu, Phe or Tyr. ° 

7. The method of Claim 2 or 3 wherein R is 
30 S'or'"'''°^*''°""'' cholesteryl, epoxysuccinyl. 
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Leu, Val or nLeu. 
25 or Val. 
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1 wherein n is 0 to 6, 

8. The method of Claim 2 wherein the 
hydrophobic peptide is acetyl-Leu-Leu-norleucinal. 

9. The method of Claim 3 wherein the 

5 hydrophobic peptide is benzyloxycarbonyl-Leu-norleucinal . 

10. The method according to any one of Claims 
1^ 2, 3, 8 or 9 wherein said cell proliferation is 
inhibited in smooth muscle cells 

11. The method according to any one of Claims 
10 1, 2, 3, 8 or 9 wherein said cell proliferation is 

jynhibited for the treatment of prostatic hypertrophy- 

12. The method according to Claims 1, 2, 3, 8 
or 9 wherein said cell proliferation is inhibited for the 
treatment of arteriosclerosis* 

15 13. The method according to any one of Claims 

1^ 2^ 3, 8 or 9 wherein said cell proliferation is 
inhibited for the treatment of restenosis. 

14. The method of Claija 13 wherein said 
restraosls follows percutaneous transluminal coronary 

20 angioplasty. 

15. The method according to any one of Claims 
1^ 2^ 3^ 8 or 9 wherein said cell proliferation is 
inhibited for the treatment of cancerous cell 
proliferation. 

25 16. A pharmaceutical composition for 

inhibiting cell proliferation coniprising a therapeutic 
amount of at least one hydrophobic peptide and a 
pharroaceutically acceptable carrier^ wherein said peptide 
has the formula: 

30 R-Xaa^- (Xaa) j^-Xaa^ 

and further wherein: 
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m is 0-5; 

R is hydrogen, epoxysuccinyl , cholesteryl, 
aryl, aralJcyl or acyl; 

Xaaj^ and (Xaaj^^^ are independently an amino acid 
5 selected from the group consisting of Ala, Arg, He, Leu, 
Lys, Met, nLeu, Phe, Pro, Thr, Tyr, Trp and Val; 

Xaa^is an amino acid selected from the group 
consisting of Ala, Arg, Cys, He, Leu, Lys, nLeu, Phe, 
Pro, Thr, Tyr, Trp and Val, or the corresponding alcohol, 
10 aldehyde, eposQrsuccinate, acid halide, carbonyl 

halomethane or dlasonethane derivative of the carboxy 
terminal group of said amino acid. 

17. The composition of Claim 16 wherein said 
peptide is acetyl-Leu-Leu-norleucinal or 

15 benzyloxycarbonyl-Leu-norleucinal . 

18. The composition of Claim 16 wherein said 
peptide is present in an amount to provide from about 0.1 
rog to about 2000 mg per kilogram of body weight per day. 



25 



30 



35 



SUBSTITUTE SHEET 



wo 92/13549 



1/5 



Figure 1 



PCr/U592/0e905 




DNAiynrtmit 



wo 92/13549 



2/5 



PCr/US92/00905 



Effects of Calpeptin on Proliferation of 
Vascuiar Smooth Muscle Cells 
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